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0 Welding process. 



0 A car bumper is assembled by welding togetlier 
a channel-shaped facing component (4) and a rigid 
bacl<ing component (15). of mutually compatible 
thennoplastics, using sacrificial heating elements 
(17) to soften the surface portions to be welded 
while the components are held In jigs. Once these 
portions have been softened, but not until then, 
pressure is applied to force the softened portions 
together, by means of movable members (9,10) co- 
extensive with the seams and moved by inflation of 
resilient tubes (11.12) carried in recesses in the jig 
(5) which supports the facing component After the 
weld surfaces have thus become fused, they are 
allowed to cool. 



< 

00 
00 

to 
Oi 

CO 



a. 

Ui 



Xerox Copy Centra 



1 



EP.0 349 688 A2 



2 



WELDING PROCESS 



The invention relates to themioplastic materials 
and in particular to the welding together of compo- 
nents prefonmed from compatfbie thermoplastic 
materials. 

A common method of welding compatible ther- 
moplastic materials is to heat them until they soften 
and fuse together, and tiien allowing the fused 
material to cool and harden. By "compatible" in 
this context we mean that when they are brougirt 
togetfier in a sufficiently softened state they will 
mix freely to form an integrated whole. Such meth- 
ods are particularly applicable to the welding of two 
components formed from the same thermoplastic 
materials, but can be applied to a variety of similar 
materials also. 

Where large areas or long strips are to be 
welded, an effective known metiiod of carrying out 
such welding is to insert between tiie components 
a porous electrical heating element covering sub- 
stantially tile area to be welded, applying a pres- 
sure to bias tiie components towards each other, 
heating the electrical element to soften the adja- 
cent surfaces of the thermoplastic materials, and as 
these soften, to fuse the softened materials to- 
gether tiirough the porous heating element as the 
components move together under tiie biasing pres- 
sure, thereafter cooling to solidify the fused ma- 
terial and form the weld. Suitable electrical heating 
elements Include loosely woven or braded tapes, 
which for many applications are preferably woven 
or braded from a mixture of both electrically con- 
ducting wires and filaments of thermoplastic ma- 
terials which are compatible with those being weld- 
ed. The heating elements used in such methods 
are sacrificial, being retained within the weld on 
completion. 

Such methods have previously been used very 
effectively to produce strong and unifonm welds, 
even over substantial lengths. Thus for example, 
the pre-moulded hull and declc components of a 
topper sailing dinghy are joined by a continuous 
weld about 8 m long, extending right around tiie 
gunwhaie. While the sacrificial tape is being heat- 
ed, tiie two components are biased together by 
pneumatic pressure applied over the full length to 
give a uniform bias, and we have found in practice 
that this produces a strong, continuous and water 
tight joint right around the boat. However, we have 
now found tiiat a reason for such success lies In 
the flexibility of tiie component against whicii the 
pneumatic pressure Is applied, for, when applying 
the same technique to rigid components or to 
flexible components held rigid for cosmetic or other 
reasons, tiie resultant welds tend to be faulty. Such 
faults may take tiie form of Intermittent dry areas 



along tiie weld line where the themnoplastic materi- 
als of ttie two components have not fused together, 
or even of a substantial length at one end of tiie 
Intended weld line remaining dry. We have also 

5 found tiiat this problem could be largely overcome 
by using higher heating currents to obtain higher 
temperatures, but with some materials tills intro- 
duced furtiier problems through degradation of tiie 
tiiemioplastic material. 

70 According to a first aspect of tiie present in- 
vention, we now provide a method of welding to- 
gether components formed of compatible tiiermo- 
plastics materials where tiie components are rigid 
or are required to be held rigid during welding, the 

16 method comprising Inserting between tiie compo- 
nents a porous electrical heating element covering 
substantially tiie area to be welded, applying a 
pressure to bias tiie components towards each 
other, heating the electrical element to soften tiie 

20 adjacent surface of tiie thermoplastic materials for 
fusing tiie softened materials together tiirough tiie 
porous heating element as tiie components move 
together under tiie biasing pressure, and tiiereaftor 
cooling to solidify tiie fused material and fonm a 

25 weld, characterised in tiiat tiie pressure to bias tiie 
components towards each other is first applied 
after tiie surfaces of the components have been 
softened sufficientiy for tiie materials to be capable 
of fusing togetiier under the biasing pressure, and 

30 that if any initial pressure should be applied to 
support tiie components while the materials are 
being softened, any such Initial pressure shall be 
insufficient to produce any substantial movement of 
the components towards each other as their sur- 
as . faces soften. 

By applying the biasing pressure after tiie sur-. 
faces have been softened, we have found tiiat we 
can produce between rigid components, welds 
which are as uniform and as strong as ttiose we 

40 had previously produced in more flexible compo- 
nents, using equivalent heating currents and hence 
presumable equivalent temperatures. We have also 
found tiiat a suitable biasing pressure is of the 
same size as that which would have been suitable 

46 for the more tiexible components, tiie actual nu- 
merical optimum values of the temperature and 
biasing pressure then being determinable in known 
manner according to tiie parameters of tiie occa- 
sion, e.g. the thermoplastic materials being welded 

50 tiie tiiickness of the components, tiie proposed 
weld dimensions and tiie nature of tiie heating 
element. 

The materials can be cooled by applying spe- 
cific cooling means, e.g. water cooling of tiie ap- 
paratus, but in most cases we have found tiiat tiie 
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materials can be cooled sufficiently quickly merely 
by ceasing to heat them with the heating element 
and leaving natural conductors and convention re- 
move the heat 

We prefer to use pneumatic or hydraulic 
means for producing the second biasing pressure, 
so as to apply the pressure uniformly over substan- 
tially the whole area of the weld, i.e. in the manner 
which had previously been used for welding more 
flexible components, but with the application of the 
biasing pressure delayed until the materials have 
been softened in accordance with the present 
method. However, as the rigidity becomes more 
absolute, the advantages of such uniform applica- 
tion of pressure becomes less significant For a 
particularly rigid component the pneumatic or hy- 
draulic pressure may be applied by placing the 
welding surfaces of the two components together 
with a rigid support on one side and an Inflatable 
biasing tube on the other, the support and inflatable 
tube being positioned along the weld line, but of 
course lying against tiie outward facing surfaces. 
This is essentially the anrangement used previously 
for welding flexible components, but the reason 
that this arrangement was then successful with 
biasing pressures applied ab initio and throughout 
the softening period (in direct contrast to the effect 
with rigid or held rigid components), we now be- 
lieve to be due to the component flexibility on the 
inflatable tube side enabling it to distort slightly, 
and it appears to be this distortion which gave the 
very sound and uniform welds found, for example, 
on the Topper. However, while the surface adiacent 
the rigid support retained a flat configuration, that 
adjacent the infiatfale tube tended to forni dlmple- 
iike undulations. These distortions couid be un- 
sightly, so such known methods were really only 
suitable where the Inflatable tube could be placed 
against a surface that would not nomnally be ex- 
posed. As will be appreciated, this was not always 
possible, especially where one edge of the hidden 
component had to be welded to a surface of the 
other, thereby preventing the location of an inflat- 
able tube on the hidden side of the weld. 

We have now found that we can largely over- 
come such problems with flexible . exposed sheet 
components, by hoiding them rigid during the ap- 
plication of biasing pressure, and using the present 
method. We achieve this by applying the biasing 
pressure to the exposed surface of the flexible 
component through a mould able rigid member ly- 
ing between the source of the biasing pressure and 
the surface to which the pressure is being applied. 
The rigid member has to be moveable in the 
direction of the appl;ied bias so that the tatter can 
be maintained while the two components move 
together as the softened materials flow through the 
heating element The moveable member, being 



rigid, holds the surface of the component rigid as it 
is pressed against that surface, thereby avoiding 
the formation of indulations no matter how the 
biasing pressures are provided nor how evenly 

5 they are applied to the moveable rigid member. As 
may be appreciated, when held rigid by a movea* 
ble rigid member in this way, the flexible compo- 
nent behaves in a manner similar to that of a rigid 
component, and so would tend to suffer the same 

.70 problems if uneven welding of the welding oper- 
ations were canied out while exerting a single 
constant biasing pressure continuously through-out 
the heating cycle In the previously known manner. 
A design of car bumper which is becoming 

75 Increasingly popular, is one formed from compo- 
nents moulded from themnoplastics materials, and 
comprising a facing component welded onto a con- 
cealed backing component to provide it with 
strength and rigidity. Various welding methods 

20 have been used, and we considered using the 
previously known use of sacrificial heating ele- 
ments and sustained pressures applied during 
heating. However, because of the configuration of 
the assembly in which an edge of the backing 

25 component has to be welded to the concealed 
reverse face of the facing component an inflatable 
tube could not be placed against a concealed sur- 
face of the backing component for applying the 
biasing pressure. Instead it was necessary to sup- 

30 port the backing component and to apply the bias- 
ing pressure against the exposed surface of tiie 
facing component However, although such bump- 
ers are necessarily stiff, we found that application 
of the pneumatic pressure to the exposed surface 

35 of the bumper through the welding process in 
known manner, tended to fonn unslghtiy undula- 
tions in tiie exposed surface. 

However, by combining the use of a rigid 
member' for applying tiie pressure, and delaying 

40 application of the biasing pressure, the present 
metiiod provides a reliable metiiod for contructing 
a car bumper from a tiiermoplastic backing compo- 
nent and a thermoplastic facing component having 
an exposed surface and a concealed surtace, by 

45 weWing the backing component to the concealed 
surface of the facing component, the method com- 
prising supporting the facing component in a posi- 
tion with respect to tiie backing component such 
that ttie two surfaces to be welded are adjacent to 

50 each other with a porous heating element tfiere- 
between, placing a movable rigid member against 
tiie exposed surface of tiie facing component so as 
to lie along and con'espond in shape to that ex- 
posed surface along the line of the weld to be 

5S formed on its concealed surface, raising the tem- 
perature of tiie heating element to soften the adja- 
cent surfaces of tiie thermoplastic components, 
and when the surfaces are sufficiently soft to fuse 
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together, applying a biasing pressure to the mov- 
able rigid member so as to move the facing com- 
ponent towards the backing component and there- 
by to cause the softened materials to fuse together 
through the heating element, thereafter cooling the 
materials \o iom the weld. 

A prefen^ed bumper configuration is a curved- 
sided box structure comprising a channel sectioned 
facing component bridged by a. backing component 
welded down each side. These welds are prefer- 
ably formed simultaneously, and thus a particularly 
preferred method is one in which the facing com- 
ponent is formed with a configuration comprising a 
channel shaped transverse section having side 
walls extending from a curved based portion to 
provide a convex exposed surface and a concave 
concealed surface, the backing component being 
mounted in the channel to form a bridge between 
the side walls and to present a surface along each 
edge of the backing component to an adjacent 
longitudinal strip of the side wall surfaces, each 
pair of adjacent surfaces having a porous heating 
element therebetween and their surfaces being 
softened sufficiently to be capable of fusing to- 
gether, the two side walls then being biased in- 
wards towards the backing component until the 
softened materials have fused together through 
their respective heating elements, the biasing pres- 
sure being applied by a pair of relatively movable 
rigid members placed against the exposed sur- 
faces of the side walls and pressed inwards to- 
waids each other after the surfaces have been 
softened. 

The channel section may be assymetric, as 
one side forms the top of the bumper in use and 
the other side forms the lower part of the bumper. 
The channel may also be irregular lib provide flats, 
indents or flanges, for example, for securing other 
features thereto, and for providing a suitable sur- 
face configuration to which the backing component 
can be welded. 

According to a second aspect of the invention 
we provide an apparatus for forming a car bumper 
from a preformed thermoplastic facing component 
having a channel shaped transverse section with 
side walls extending from a curved base portion, 
and a prefonmed thermoplastic backing component 
preformed to fit between the side walls remote 
from the base, by welding the backing component 
to the side walls using sacrificial heating elements, 
the apparatus comprising a first jig for holding the 
facing component the first jig having relatively 
moveable rigid members positioned to support fhe 
side wails along their weld line, and pressure 
means for pressing the two rigid members toward 
each other, a second jig for holding the backing 
component between the side walls In line with the 
two rigid members, and means for heating sacrifl^ 



cial heating elements located between the backing 
component and the side walls. 

The pressure means is preferably a pneumati- 
cally or hydrauiically inflatable tube mounted be- 

5 tween one of the moveable rigid members and a 
fixed wall of the first jig, such that on inflation the 
moveable member becomes forced away from the 
wall by the tube towards any facing component 
held within the jig. A second inflatable tube is 

70 preferably mounted behind the other rigid member, 
but generally this Is not essential providing the 
second jig allows a small amount of movement of 
the backing member to occur, to enable the pres- 
sure to be transmitted by the backing, members to 

75 the other weld. 

Our prefenred form of sacrificial heating ele- 
ment is one formed from electrical resistance wire, 
e.g. by weaving or braiding, preferably In combina- 
tion with thenmoplastic filaments compatible with 

20 the bumper materials. Our prefenred means for 
heating the elements is thus a source of electrical 
current and means for connecting it to the resis- 
tance wire of the heating element 

The invention is illustrated by reference to a 

2S specific embodiment shown in the accompanying 
drawing, which is a simplified section through the 
two components resting in a first jig. This is shown 
diagrammatically and slightly exploded to illustrate 
how they fit together. 

30 In the drawing a facing component 1, has a 
channel shaped transverse section with side wails 
2, 3 extending from a curved base portion 4. The 
facing component is supported In a jig 5 with its 
exposed surface 6 adjacent to the jig. Opposite the 

3$ part of the side walls in which the welds are to be 
made, the jig has two recesses 7, 8, one on either 
side. Mounted in each of the recesses is a movable 
rigid strip 9. 10 of glass filled resin, with an inflat- 
able tube 11, 12 lying between the rigid strip and 

40 the wall 13. 14 of the recess. 

Supported by a second jig (not shown) is a 
backing component 15 with longitudinally extending 
edges whose outer surfaces 16. 17 He adjacent to 
the inner surface of the side walls 2, 3, with porous 

45 heating elements 18, 19 therebetween. The inner 
side wall surface is formed with a shoulder 20 to 
assist in forming the weld. 

When preparing to make the weld, the two jigs 
are set up such that with the tubes deflated, there 

50 is a gap between the edges of the backing compo- 
nent and the side walls of the facing component, 
which is just about the thickness of the heating 
element, so that with the element in place, prefer- 
ably held with a few spot welds, there is little if any 

S6 pressure against the heating element A current Is 
passed through the heating element to soften the 
adjacent surfaces, but as the inward pressure is 
little or nothing, there is no significant inward 
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movement of the rigid members 10. When the 
surfaces are sufficiently soft to be capable of fus- 
ing, the tubes 11, 12 are inflated to press the 
moveable members inwards. The heating is then 
switched off and the materiaf is cooled (generally 
simpiy by ceasing to provide further heat) while the 
higher pressure is maintained. When the material is 
suffictentiy hard, this pressure Is released and the 
welded article removed from the jigs. 



Claims 

1. A method of welding togetfier components 
of mutually compatlbie thermoplastic material, 
comprising the steps of: 

a) supporting the components with a pair of 
respective surface portions to be welded together 
juxtaposed to each other, but between the surface 
portions of each pair, a gap just wide enough to 
accommodate a sacrificial heating element 

b) inserting a said element in said gap; 

* c) heating the said surface portions by 
means of the sacrificial heating element, until they 
are soft enough for the materials to be fusible 
together under pressure, any force associated with 
supporting the components being insufficient 
throughout steps (a) to (c) to cause any substantial 
relative movement of tiie components; 

(d) tfien, and only then, applying pressure to 
urge the said surface portions into close contact so 
that tiiey become fused; and subsequently. 

e) cooling to solidify the fused material to 
fomi a welded joint 

2. A method according to Claim 1 , in which the 
pressure in step (d) is applied by inflating a resii- 
lent tubular element. 

3. A metiiod according to Claim 1 or Claim 2, 
wherein tfie pressure in step (d) is applied by 
forcing a substantially rigid movable member into 
contact with a surface of one of the components so 
as to apply a force to both components across said 
pair of surface portions over substantially tiie whole 
lengtii of the latter. 

4. A metiiod according to Claim 3 when depen- 
dent on Claim 2. wherein the tubular element Is 
inflated in step (d) so as to move the movable 
element, located between the tubular element and 
tiie said component, into contact with the latter. 

5. A method according to any one of the pre* 
ceding claims, for welding together an outer com- 
ponent and an inner component wherein step (a) 
comprises supporting the inner component within 
the outer component, the said pressure in step (d) 
being applied externally to the outer component to 
urge its softened surface portion inwardly into in- 
timate contact with the corresponding surface por- 
tion of tiie inner component 



6. A metiiod according to Claim 5 for simulta- 
neously forming a plurality of welded seams be- 
tween tiie inner and outer components with ttie 
seams lying in different planes, wherein step (a) 

5 includes leaving a said gap between the surface 
portions of each said pair. In step (b) a sacriftctal 
heating element is inserted in each gap, in step (c) 
the said surface portions are all heated simulta- 
neously, and in step (d) external pressure Is ap- 

10 ' plied to the outer component across at least one 
said pair of surface portions so as to be transmitted 
across all of tiie said surface portions simulta- 
neously. 

7. A method according to Claim 6, wherein tfie 
75 outer and inner components are respectively a 

channel-shaped facing member and a relatively 
rigid internal backing member, having tfie function 
of a strut across tiie facing member, the facing 
member being supported in step (a) by first sup- 

20 port means and tfie backing member by second 
support means. 

a. A method according to claim 7, wherein in 
step (d) the pressure is applied adjacent to only 
one said pair of surface portions and is transmitted 

25 by tiie backing member to tiie said surface por- 
tions of the other side of the latter. 

9. A metiiod according to any one of tiie pre- 
ceding claims, wherein the sacrifidal heating ele- 
ment is electrical, step (c> comprising passing an 

30 electric current through tfie element 

10. A metiiod according to Claim 9. wherein 
the electric heating element comprises electric heat 
resistance wire in combination with filaments of 
tfienmoplastic material compatible with tiie materi- 

35 als of the components, step (d) including allowing 
: the thenmoplastic material of the heating element to 
become fused witii tiie said surface portions of tiie 
components. 

11. Apparatus for welding togetiier an outer 
40 component and an inner component of mutually 

compatible themnoplastic material, comprising sup- 
port means (5) for supporting the inner component 
within the outer component with a pair of respec- 
tive surface portions to be welded together jux- 

45 taposed to each other and witii a gap, just wide 
enough to accommodate a sacrificial heating ele- 
ment (18,19) between tiie surface portions of said 
pair, tiie support means (5) carrying pressure 
means (9.11.10,12) for applying external pressure 

60 to the outer component independentiy of tiie sup- 
porting function of tfie support means (5). whereby 
to urge said surface portions togetiier. 
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